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TNTPODUCT lOrj 



T . 



For many decaries Tian has ireameo of the day when 
machines ccul^^’i reli^v^ ^ \ r of mnc^ of his /vori<r. In this era 
of comDut*ers and advanceo technolccv/ this aream is now 
oecominG a real i tv. Coonec^inq comouters to other machines^ 
howevapf is no^ iu«^t a simole matter of runnino a wire from 
one to th^ other. In oro<^r for the comou^er to ahi*^ to 

use its ahiiify, it mus^ have some way to 

translate i^’s sianals i^t^ a toprr, that is recognized hy the 
machine it is controllino. This is wh^re tne interface 

oecomes all irr-o'^r^ant. 

An interface is ^ oiPC'^^ of eouic^'e^t claceo in the data 
oath be^w'pen t deN/ices. Its nurcose is to rearrange# 
translate# or c’^a»^ce the soeed o"^ ^his cata ^o meet the 
needs of on^ or both devices. In otnep cases the inte'^face 

is used to convert data f»"om an analoo to digital (A/D) or 

oiqital to analoa (D/A) f n , or 'noth. Interfaces of either 
tvce range in cnmnlpxifv from a f«^ integrated circuits to 

the use of '^icroorccessors. ‘-'ost# however# fall in between. 
This thesis dis'^usses the design aro construction of an 
interface in this middle class. Here# the computers are the 
Acolieo Technclngv Airporme Computer (atac) minicomnuter and 
the '^’OS Tpchnolmov Inc.’s ^TN''-1 microorncessor. Theip goal 
is to pronre^^' ana orocess cutouts from e dioitallv tunable 
'.‘i a t k i p 3 Johnson 'hJ ^ ^ d ^ 6 . 

The two comoute'" svste^s ^pri\/e at tn p^p goal by 



different m<^ars. The AT^C uses a ctoseo loop with the 
ooerator (f^iou^e la) wnil<= the excludes the operator 

while executing its proorann (^icure lb). in th<^ ATAC looo 
the ocera^’o^ ac^'ively C'^n^'rols all conrrunication between the 
comouter and receiver. Tn this wav it is possible to 
display in^orrnetion fro^ ^he receiver on the video display 
at any tine except curing a scan r$ee Chanter V). It also 

provides cuic< re^erenc^ to thp data to he sent^ the data 

last sent, and latest rec^iven^ data, this was invaluable 
ourinc norucoi’^c. Fro^ terTinal it is also possible to 

adjLJSt avail^p'^e oara'^ef’ers ^5 necessarv to n»et any 

r ^ c u i r e e n t • 

T^e does not ^i^ectly pxchanae riioital woros with 

the receiver/ but r ^ t h r pxcranoes dioital da^a for analoa 
data. Tnis ores no^ rrnviop p toe cj back loop that includes 

the operator. Hr. ce beoun^ the nroaram selects and 

sends data ><ords to t’-^e pnc<=^ive^ and crocessps top analoa 
data received until the oroorao cooes to an ena or is halted 
by the npprator. ^'i^ec*' intornation is nnt available to 
oetern^ine wnpn or if a oigital vjcro has been sent or 



received rorrectlv 



Problems encountpppo rjurinn fhp desion and construction 



tne in^ertac® ann th^ir solutions are shown in Table I. 
In this instance si anal levpl comoatabilitv was not a 
problem O^c^use the I/O from th« rpceiver^ the interface^ 
and tne two computprs w^pp all TIL loaic levels and/ 
therefore/ matched. It is believprt that these oroblems are 
a tvcical list that may b«=* pncountered whpn interfacinq. 




(a) 




(b) 

Figure 1 

Computer Control 



PROBLEM 



SOLUTION 



1. Noise on the ATAC I/O 


1. Use ScHottky circuits 


1 i ne s . 


reriuced or eHminated th<=‘ 




noise. 



Different clock rates 


?. ATAC; converted parallel 


of the co'T'outers and the 


outputs into serial forn. 


receiver/ and different 


used interrupt' lines 


data >/ord lenoths. 


to slave the to the 




receiver’s cloc<. 



3 . T i m i r a 


3. Identified receiver 
periods t^e -lonitor Clcc< 

output. This orovidea a pulse 




which sionaleo da^a. 



Inputtino data to th^ 


Onen collector bu^f^rs 


AT AC . 


were used to sink the reouirc^o 


V 


current for nroppr oata transfer 


5. Switchino between the 


S. '^Hjltiolexers ana buffers 


ATAC and the K Im- t . 


were used to switch bet-^een 
the two computers. 

Table I 



“rcblews and Solutions 



I a 



the rfcfivep 



1 1 • 



The k \ Johnson i/f J - ^ ^ ^ ( W J 'I is an HP receiver 

aesiqneri for use in the bSO Kh? to 30 P-Hz band. Its 
advent 3 qes inrlijo^ tne adilitv to detect and cutout both the 
A and F M IF s i o n a 1 s v' h i 1 s i fr u 1 t a n e o u s 1 v m a i n t a i n j n a a 
separate cutout piaht selectable detection modes, options 



a V a 1 1 a o 1 e 


tn fpp oc^^rator i'^clude different IF bana widths/ 


variable 


eF oain, souelch control, and a tuneabl^^ BFO 


f reou^ncv . 


, The is ci pi tally controlled and uses a 6^-bit 


word as 


snoivn in Fiour«> 2. This word contains tne 



inform a tic n npcessary to ^ransf^r t-te tpoa,jer(;;v^ detection 

'"‘Ode/ IF ^ano’/vi^.h/ PF cain# treounncv/ and signal 

StppnQth hQth internal Iv and ox^*erna) 1 /. 

All inntjts arc cutouts f'^on tno receiver are controlled 
Dv the synchronous/ rpoote f/0 Hoard. Tnis t)oarc is a aated 
transfer oo^nt ^or all dioita) data exchanqnd with the 
receiver. A numopr o ^ co^'^trol lines are neeaea to provide 
the necessary de'^anr:js on r^e r<»cpiver. Thr<»e Dalanced inout 



pairs and 


fou-r ba’anceo output line cairS/ plus a ground are 


provided 


^or this purpose. All three incuts are r^auired 



for remote operation. Thev a^e address (or enable) 



t r i cge r / 


and data incut. The aodr<=^ss oair is the most 


1 rrocri^art 


for it se'"v«^s as tho r-ast^r on-off" switch for 



the remainde'* o^ the I/P pairs. Th<^^ outputs -burnish the 
reouirpd clocks (comn^and and 'r^Qpitor)^ nytcut data/ and a 



local/remot^ status. 



IF Bondwidth 




1 6 



Figure 2 
Receiver’s Word 






The i/'^atWins John<?on orerat'es on a seauenfial cycle 



divioPG info four <=aual neriod«? and six lO^nfifiable mooes. 
The periods reaulatp the difterant ooerations while the 
modes ascef'tain fn» origin of ^ da^a. Taole II shows the 
interaction of thn ceriods and ^odes of the receiver. Three 
of the six modes are me^orv read and write functions/ these 
cannot be r»=»mot'^lv controlled an^f therafcre/ are of no 
concern here. ^If re^^aininn thre^/ two are the r<=*mote 
active and r^^^ote nassive ^od<=s. Thesp allow the 
introcuction <^f externally Generated data ano ore vent manual 
intervention a urine all cut one of thp fo’.'r periods. Manual 
control IS availarl<^ in t'^e rn^ai'^ina local. 

In or'^^e^ to nanaap ^ne ^ata ^ord '^ove'^^ent correctly/ the 
receiver a com'ro'^ bus or data node arranoement as 
shown in ^icure 3 . 1^1^ siTolifins operation bv fore i no all 
data vvords to rass t’^mu^r this node in the same airection^ 
recardless vof their nriain or desired destination. The 
multiolexer controls the incut to the rjata node. Control of 
the mtjlriclpxer aro, th<^rpfcre^ the orioin of the data is 



manaaea 


cv the internal 


modes 


0 f 


the r e c e 1 


V e r . The 


qK j oc t i ve 


of period one is 


to load 


the 


r e c e 1 V e r 


r e a i s t e r . 



In the local and re^^ote cassivp ^ one s r the oata word is 
shifted from thp front oanel reoister/ through thp 
multiolexer and a t a noo^/ into th^ receivpr register. The 
difference ^wo "'Odes is in th^ action of the 

data prior to shif^ir^o. Thp local mode uccat^s the data 



word from t^e f»"ont panel s^crane r^qi stars ourina the early 



storage 

lotcnes 



^ Pushbutton lights 
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Switch. 
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from Receiver 
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Analog Data 

To Receiver 
Section 



RF 

Goin 



To Receiver 
Section 



Rgure 3 

Block Diagram of the Digital Section 
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Keceiver P:odes cind Periods 



portion of period 



one 



This action is inhibited a r i n a the 



reiiote oassiv^ '^ode 
word orioinates f 
COnn^ana clock: t^rou 

receiver reoist^r v 

The first oari' 
data shifted duri 
registers. Duri no 
in the r.eceiv^r 
gain A/n*n/(i conver 
no:Je. In fho l^c 
ere r*:^ placed hy e/L 
control ^noo. \ ^ 
load tne Pr oai^ 0/ 
Aft^r “his is CO 
out the '^eceiv^r 

oat a node f and ^ 
address lin<> ^ronr t 
word and rne T'cnito 
outmjt line oai^s. 

Periods three 
word. Perind thre 
lights ana mjn^ric 

in Which cn^noes in 
period cha^aes 
diroctlv to 
depression ►ha aoor 



• In t 



r o p 


a 


d h 


r n ^ 


1 a 


the 


of 


the 


no 


Per 


t h 1 


S t i 


r eo 1 s t a 



ten t 
a I rr p d o 
^ n \/ e n 
t v** o r a 
* C O V ^ 
"" p 1 a ^ e d 
r aq i S’- 
n r O t ^ 

h e r a rr^ O 

r r I n c 



h»=» ren'ote ac 
ran'ote devi 
re.nnte I/O 

multiclaxep a 

s^ccn^ period 
i o d one into 
rno thn sianal 
r renaro^ess 



1 r n 


s accord 


h e 


P P q a i 




on 


o ^ the 


f 


t a 


o d e s 


n e 


a r 


V- 1 ► h t 


h i 


t h 3 


wo r o' 


i s 



e r , throuon 
e frcn^ pan 
ta device is 
ara aval lab) 



t i ve nrode ♦’he data 
cef is shifted bv the 
boa rd f on to ♦’ha 
no data node. 

IS spent load inn the 
the racaiver storaga 
Strennth is updated 



of 


tha node 


. The KF 


i n d 


to the 


selected 


bits 


in r n a 


da^’a word 


rent 


panel 


RF gain 



V a r 3 a this a C t i O n and 

s oata tron tre word. 

shifted in all ^odes 
the nultiolexer and 
el recister. If the 
active hiqh^ the data 
e on their respective 



ana four inhibit (TQve^ent o^f the data 
a undatas tno front Panel pushbutton 
disnl^^y. Period ^otjr is the onlv period 
raceiver -r^on^e are allnweo. Durino this 
3 '^e'^ote noa^^ localf or froo local 

pass 1 '/a r a r> opIv ba acco.nnlished bv 
CpriaCa Pushbutton on tha fron^ Panel. A 



?0 



change from locel ^rg r-^mofe Orassive to remote active is 
automatically dnnn ^'y the T/0 hoard whenever both the 
address ana t'^ioger line oairs ar^ active hich durino this 
period. The remote active mode imn^^niately reverts to the 
remote cassive mode a^ tn<=» beoinnina of thp next period 
four. [he total cvcle timp of the receiver is 10. P4 msec 
(?.Sb oer o^^riod). Tn order to chanQp modes 
successfully^ it mav npc^ssary either to hold in the 
oushoutton or tc h^io the trioG<^r and adcjress lines high for 
UP to 7.0® '^sec (trrp« nerird^). T^is ensures; that the mode 
change demand occurs in period four. 

All are availahl^ oomntf=‘ctors Jl/ a^a J6 



t h r ouo n 


J 1 0 1 


1 n c a t ^ o 


on ^ < 0^ 


th^a receiver. Jl 


i s 


the 


0 i i t a 1 


C 
1 — ' 


0 o m n c 


tpr. The othe^ 


correctors are al 


1 ana 


1 oa 


0 u t o u t s 




is 3 ^ 


55 '< ^ 7 . si ana 


1 of at I'^ast 


?0 


KH^ 



bandy^iath. A"-’ ana r‘-l '^etectcr monitors are orovided at 
connectors J7 anrj respectively. is a predetecticnf 
455 KHe copter ‘^r^ouemcv TF outnu^ whose oanawidth is set by 
the front panel. ^ balanced and unba^'anced line audio and 
both uooer and lower side^anrj otj touts a^e available from the 
aoprooriate pins at vJIO. The balanced line operates at all 
times. Tne u noala need line is orerable unless headphones 



are 


o 1 vjaaed 


into 


the frrnt panel 


« Tne lower sideband 


output 


1 5 


active 


when 


the receiver 


is in either TS^ 


or LSB 


detection mnoeSf 


ann the uDoen 


sideband cutout is 


active 


au r i 


PC I S4 ^ 


u B , 


a n c d modes. 







THt CO‘'»PUTE^S 



III. 



/ 

study'ino t-np inoul's one outputs trop the receiver/ 
three choices w^^re eveilciH]® <Qr further development of the 
interface. It coul'^ do desia^^'^ to oass thp c1oc>< Dulses on 
to the interrupt lines cf t^e computer and/ therefore/ riatch 
the computer's timino ♦'o that of the receiver. Or/ a buffer 
coulo ce censtruetpo ♦'o inout the data serially at the cloc^ 
rat® of tan cc^cutpr emu cutout it at rne cloc^ rate of the 
receiver. Tpo rhirp cn^icer al«c a hu^ferina arranaement/ 
coulo exchrinqp data im parallel to th« ro^out®r a^d serially 



to the ''ece'v^r. 

T^e c^i®f rac^o^ in-^l'jpncino t^p nesion opcision was the 
availaoilitv and distribution of oo'^ outer control and T/0 
lines. For the fir«^t computer/ the primary objective was to 
inv®s^'ioate the feasibility of botn remotely tuning the 
receiver and acceotino a data word in return. The 
reauirements for tne second comouter/ t^e ‘^OS Tpchnology 
inc. were less strict. fts ooiectivp was to ti;ne 
the receiver dicit^llv throuoh use of the interface. Its 
input/ newev/er/ /vas to come from a A/D converter for 



processina 



A. THE ATAC 



The ATAC was orioinalW desioned to orovide ser'vice 
to aircraft. Ryi1t to no real-tir^<=» analysis of sionals/ it 
has very short cycl^ tinres/ ootional microcode proaramming^ 
and double nrecision arithmetic as oart of the standard 
paci«^aae* All t‘^is/ co-Tbined wi^:h its larae instruction set# 
makes the ATAC a '/ersatil^ and no w erf ul tool. Althouoh aata 
coula be trans f err •serially by orooer nrogra'^mina# the 
ability of tn-^ AfAC to t^o^n i^cut a'^a outout sixteen bits in 
oarallel on the P"G Coar a 1lel inout/outnut) lines oncved 
mor« aovant^iceous. Any nne of the AT AC's sixteen recisters 
can incut or nu^nut thps^ limes. "n cranr to orocerlv 
transfer this oa tSf PJG bus rust oe auamented by an 
(Address orovide h^ t-mo sixteen bi^s of the "eXtenpea” 
Arithmetic Peoister TaAP). Another necessary outout is one 
that informs th» external cevic^ wh»n tho ATAC is ready for 
the transfer. On t^e ATAC this function is nrovideO bv the 
Inout/Outcut be^ano (10^) lin<^. H‘»ferrina to thp tinina 
oiaoram in Fin u re ^4# an innut corrmand is lni^lated Dy 
olacinc an addr^^ss no the XAP iip'ps ana ^clloAinc this 
adoress with a low on fh» TOD. This- sianifys that the ATAC 
reoister is rpady for data. After aporoximatelv one 
microsecona# the TOD is placed high and the address is 
remove cJ. Our inn tnis microsecond the data for the ATAC must 
be Stacie. Fop cutout command# ♦’he /AC ^nd the PIO lines 



first present 



the adoress and data for cutout 



h e n 



they 
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A 0 a t a n o f j 1 e 


FI i t p 


2S u 0 t e 


1 e V i 


s i on 


t e r 


i n a 1 


i s cof^npc t ed 


he^e to nrov 


i de t hp ope r a t o r 


with 


the 


nec e 


SSary 


control a'^d 


crocrarnira c 


apab 1 i t y 


^ 0 r use 


of 


the 



ATAC* Bv nrocer cro^r^nnr^ipci use of r h c> XAP ii’nes/ it 

wss cossib)^ tro»^s^a^e eac*^ co^Tan'-' for ttip interface. 

t 

Usina a cemultio|px<^r on tbe i'^t‘=*r’^ace boarOf four of the 



f i V p aval' 


|^w]o XA^ ac^rps 


s es 


were s 


ecaratea into 


si y t ee n 


separate 


Cnrr, rra^ris. Une 


o ^ 


n p r p a 


inino lines and 


t h p 


ion 


] i n p were 


used s^roQps 


t p 


i r j p t 1 f y 


t^p receiver 


and 


t o 



sic:3pifv stable rata fC*^act®r III). '^his arranqennent 
orovioeo bctn tt'e aoecuat^ isolation anH flexicle operation 
aes i reo . 



B. THt KTi‘-’-l 



The 1 is 

^ith respnct to th 
around the ‘"“OS 
Processor Unit. C 
the hP-'-l T<5 si 
Its cvcie tioe is 

^uch fastpp tha'^ t 



at the oth^^^r eno of the coon u ter srectruo 
e ATAf. Tt is a oicronrocessor aesiqned 
Technolnav Irc. series ^'^‘CSo^OO Central 
C'^olete on a sinale print^c circuit boardf 
iToln ^ o ocerato ano easv to oroorann. l*/hile 
slo'-'/er t’han that of the ATAC^ it is still 
h^ rece’v^r ano fT' ore tnan adecuat^ to meet 



the 



reau i ren-e^ t s 



^ j nc 



t*hp incut* data can^e from converted 



anal 


oo 


data supplied frnfr the 


rpcpiver*s 


FM 


IF output (J9) 


and 


an 


exte'^na) A/0 convertpr^ 


the design 


for 


this portion 


of t 


h p 


1 

intertac® v^as st'^c’er. 









Vo r a 
object ives/ 
A c Qu 1 s i t 1 on 



morp dPt^Hed discussion the k'Jv- 

or'oorprrsf and ooeratina oroceduresr see 
and camp) inn i.'sinn a '"'•icroproressorf by 



f its 
Signal 
LT. D, 



Kospnbprcpr 



TV 



INJFRF^\CE 



The interface ^as initiaHv oesiqned solely for the 
ATAC. A 71 pans of convertina four ATAC words into one 
receiver word was n<=^eoed first/ in o^der ^c test the 
proararri/ the co^outer/ aro the receiver together. The 
si molest and cleanest way to acc o mol is*^ this conversion and 
still tul.lv u^ili 70 fh» caoaoilities ot the ATAC v^as to 
builo a reoistnr usino eio»^t oarallel-in/ serial-out/ 

eight-bit shift r<^aister's. A control section was also 
necessar/ tn nrcnerjv this data. The ATAC VA^ 

adoresses were '^eco'^ed bv ^'^is c^ntr^^l section to orovioe 
the load cc'T^nands ^ or the reoist^rs ana to sianal the 
receiver to innut thp word. 

The n^xt steo in construction was also sinple in theory. 
Since tne conr>Du’'e'" us^s the PTU lines for input as well as 
outcut/ k^>at was nee^jeo was a connection which would not 
int^rfer with t h <=» section already built. The ICs chosen to 
isolate t^e two s^c^ions ar^ callea Tri-Statn. These ICs 
have a “no cutout*' sta^e in addi^“ion to the normal high and 
low o^ TTL circuits. They could not/ however/ sink or 
supolv e'^ouoh current to driv^^^^ the comouter bus. A 

solution was *^ou^c bv followinq these ICs with ooen 
collector bu^f^rs. ^o^ only oin they provide th^ •necessary 
amolification/ they '^id not dearad^ tne isolation 
oe r f o rmanr e of tho Tri-^tat^s. This second section also had 
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a -bit* reoister b'jilt fror' tnp 



s^aM^r shift* 



reqi sfers 



In tnis cas^f thouah, t^^ev were sprial-in# oarall^l-out. In 
order to re*^ove t^e wof'd fro nr t^e reoister in sixteen-bit 
sections^ t^e cutouts tpom the shift reqisters were 
connecteri t^ four-tO“cnp -^ultiDlexers* These multiolexers 
were Tri - State. :n th ♦•he oroner control it was oossible to 
shift the word ^ r^rv t ^ r rec^ive^ i^to this register^ and 
transfer it to PI^ in the correct seau^^nce. 

Increased coTojpxitv in the co^^^o] section came with 
this irr. Qlementatio'^. ■' ""e^hoc >as ^eeo^o to nr^vent the 

a woro until i** hao been 

stpr, T^e oeriod t^o cloc^< 



c O n o u t e r 


t r- 0 t - 


r s e ^ 


r i n a a 


connl ^»t^l V 


5 *' i ' 1 


O 1 **^ t 0 


t* n o re 


output tpo 


n the reC‘="iver 
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a s p 0 *5 
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D p r 1 0 d t h 
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t h p 
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^ a s ob t 


outout for 


t h p tri 
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1 ne to 


ana still 


ne e t tnp 


^ e o ♦ j 1 


r p T p n t 



period four. 

A^ter co'^olei'ion of th» testi’^a tor the ATAC^ an 
interface desicnea a’^d constructed for the hi-'''-*!. This 

desicn was very sim cIp to i'"^plenent^ since all the necessary 
t ininn circuits w^r^ already Ouilt a^d tested. The two 
coroijters wprp Wert fpQTi in^erfnrrina witn each ether by 
installation a '-'anyal switch. Thin switch controls the 



address a '^ultiolexer 



^hat sar:)arat^s 



f h p lines 



in the 



interface corp-non to Doth cc'^puters. control section was 
wire-wraoned ra^n^r t^an riac‘=»ri on a printed circuit board 
to provide areater flexibility/ easier maintenance/ and to 
reduce cost. 



A. TMt C^^TROL SECTI^"'i 



The *^eert tn^ i^t^rfare is tr<^ control section 

(•^icures 0 and o). T^^e '^ain puroosp nf thi^ section is to 

oecooe and rout^ cc'^Tan-^s fro'^ t'^e Af^,C and provide tne 

n‘=^cessary ci^cui^s to ir^erfac^ a its t^e receiver. It also 
contains tr. e circuits for t*'^e operation of tne receiver ov 

the K i f'"' - 1 . T ^ e r e e i v p r ’ s cutouts are d r i v p n by 1 i n p 

drivers w*^ich p^ovire co,mpl<=^mentary TIL I^vpIs. Thp incuts 
are applied to li^^e receivers w^irh accept these 

comnlepentary fTL 1 pvpI«^. Thn in^erfac*=‘/ therefore/ had to 
use ^‘hese sa^r. o receivers and drivers to pn ccnpataole with 
the -^^at^ins Johnson. 

The ^PST switch mounted on the front of tn^ interface 
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Figure 5 

Interface Control Section (Port I) 
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Figure 6 

Interfoce Control Section (Port 2) 
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coTir^ands THif, TC is a nuad Tri-Stafe tnjffer which 
is useo to control ^he ^estinatior^ of the comfrand cloc<. The 
switch ooeris buffer one which oirecfs the commana clock to 



the A 7 AC . 




The CCh7 


line 


c 1 OSes 


buffers two and 


four 


d i s ab 1 i na 


the 


c 07) n a r d 


clock 


input to 


the K I M - 1 . 




The ATAC 


s uoo 1 i « 
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C on t r o 1 


section with six 1 
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this 



receiver uniauely^ and IQb ^^^nsureo t*^at adcresses and 

aata wer«^ s^ab)^ before nassinn ^ ccnr^and. /'hen toth lOD 
ana are low^ is ooerational ana ^he outout 

corresDondinq to ^ne address on Dins ^0-23 is forced lo-v* 
At anv ti^e t*^at pitn^r on both t'^e two strobe lines are 
hiqh/ all outouts of IC-D^ are helo nich and no co<Trnands are 
generated/ neoarcjless of thp activity cins 20-P3. 

At the b®ainnina of ♦'he ♦Receiver Control orognam 
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Din 7 ^C-E 



J K 1 s s e t s 



this 



^lio-tioo ana allows the 



monitor cl?c'< to shift riata fr'om the receiv^^r into the 
storace register durina every o^rion two of the recniver’s 
cvcle. Tne -•^C line is also connected airectly ^o a timino 
circuit* This circuit orodtjces the oulse descrTbed in the 
early cart of this rhaoter. The first a oair of 
Tioncstabl^ nyltiviorato^Sf fC-Y (P*iaure 5) is triqcered bv 
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(trimmers) on^^ an'^ two. Tpirnnner one controls interval P and 
trimmer two intnpv/al Tn eff<=>c^^ trimmer two varies tne 

Dosition of the oulse ano tpimmer one its width. The 
placement ano ^^iath a^e the <^y to omcer oneration of the 
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Figure 7 

Interface Timing Dia§ram 
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incorrect op^ratio»^. oresentr the RLP pul?>e is 
pronramnreH tor otn^r aerie'll ^hree. This allows the 
receiver to stabilize between samoles takers bv the computer. 
If more less tim^ is oesireo^ the oulse can he set in 
every^ ev<=^ry otherr or ev«^rv t'hird oeriod three by vary i no 
trimmer one. Greater time between nuls^s can achieved by 
chanainc th^^ .47 uF cacacitor to on^ of larqer 
value. 

/hen fhn AT AC is reaov I'c s^nh a worOr it loads the 
input reoist‘=*r ot ^he i^^t. ^rtece usinu com'^ands OIA, DIB^ 
DTC/ OID/ an cj then v^ai^s for a hian on rhe Oil line. v\hen 
RLP is lowf is hic*^ and t A]AC s^nos cem'^ana TPA. 
l^is cc'^^ano is rQijro^ to separate monostable 
mtjltivibratorf iO-7^ by wav ot mul^iolexer IC-JvJ. The 
timinc circuit’ prov'O^S the tricO'^^r njlsn in n<=»rioO four 
which chanoes t*"e r^c^iver*s node tn renote active. It also 
sets PL^ hion tn prevent any interaction with the ATAC until 
this cvrie of the receiver is complete. During the 
folio wina oeriod one^ the r^c^iver sends tho corrnand clocl^ 
to the inrut r^^^qister via TCs *JJ and ^nq inputs the 
aata wora throuoh - ?J an cl -I.L. •'^^^anwhiler toe ATAC is 
waitina for PLP to no low anain. A' hen it ooesr the ATAC 
closes the N^C qate wih a OSP command and loads four 
sixteen-oit woros with commands DHA, 00b f DOC/ and DPD. 
Once the receiver wrr'^ is Stored in the ATAC^ a DSFA command 
is sent to npen the Mf oate. ^hcn th® op<=‘rator has finished 



excut ion nf the Receiv/^^r Control nrnoran' ano exits^ the ATAC 



sends the 



interface co^r^rpands and HSP to turn off the 



adaress line the rec®iv'er end close the N*C aate. The 

interface is ^ow bac^^ i^> a stano-^y status. 

In order to Set uo the interface for oD^ration with the 
the reset outton must oe oushea ano the corrouter 
switch claceo in rne KIN‘-1 rosi^’ion. The reset button is 
unique to interface oreratinn, ana is necessary 

Decause of the us^ too w [v ^ \ ^ P^^P_^^2i<rable int^rruot. 



This int^^rruot 13 use^i to svncorcri^e the with the 

receiver’s comTand clncW. ^r^ssinc too poset Dutton places 
a Tcnentarv ] ^ on ni^ i of TC-rK, the flio^^lop that 

COntpp;]s rpp receiv<=‘r’s a^oross lino ^ron ere This 

r<=‘sets t^e f|i option a^n insures t^at toe co'^narid cloc!^ 



0 U t C Li t 1 


s d i 3 a o 1 e 


d ij n t i 1 


ropui r^^^o. 


TC<= 


-J J 


and 


• MM 


now 


transfer 


cj a t a f 


r o the 


and 


n o ^ 


the 


A r AC . 


The 


CCK7 


line f 0 1 


lows the 


address 


line ^ r 0 n 


Tu 


KK 


and 


gates 


the 


command 


c 1 oc < off 


ar^o on 


at the proper t 


i '^e . 


h e n 


the 


KIM-l 



is reaov to send o wo to tho receiver^ it waits for a low 
on the RLP line. This Hne is connected to the masWaole 
interrupt lin<^. This low qnneratos an interrupt and places 
the KlV-1 in the output oroorarn. This routine t:)ro'/ides a 
tringer oulsetcr the trina^r timina circuit and outputs the 
data synchronously wit'n the commano cloc<. The difference 
Detween t^e ATAC an'*' K1V-| ac*’i'*'ns of t^e interface is due 
to the position ^ i ^h^ switch. Thp only function the 
interface serves is to provioo ppi^Ahle a ccmpatihle data 
to the ao'^r^priate device/ whether it is receiver or 



■^7 



c omou t e r 



a, IN’PiJT/OUTPuT ^EGISTEP^ 

THese two r<^gis^t=‘rs are user! for the only* The 
registers were '^esionat^o incut output Pv their related 
function the receiver. They were constructed to 
provide tr. e nec^scarvr tp’^oorary storaae convertino 
parallel a no serial oata dac< ana fcrtn. Both reaisters are 
connecteo to tho PTC ouSf v/itn t^e '^aj^r oifference heina 
the Tri-St* ate c^n-'ertions o*^ •serial to parallel^ or 
cutout reoist'^r. 

fhp 1 np 'jt ^3 was the easi<=*r to 
IPoler'ent. It CO'^SiSt^^ of eio’-'t r-oi(; shift registers with 
Parallel inout and serial cutout, J r ^ parallel i^put cooes 
froo the ATAC's PIO bus^ whirn is buffered by 3 chott<v 
inverters to reduce noise. The lin^s are connected to the 
ICs in such a way as to load words into two adjacent shift 
registers simultaneously. This is oossibl^ because tne shift 
reqisters will only latch a^ta in when rheir respective load 
line is low. By ornoer connection of the OIA-DTU lines to 
Din 1 of the TCsf ana coordinatina ^h<^ cor^mands with the 
data# the cutout reoist^r can p^ comnletelv ana correctiv 
filled. The co^meno clnc*^ fr*^m the r»c*^i'/er is connected to 
Din 1^ cf each of the eioht r^aisters, .vhen it is present/ 
it CLOCKS ^he thpcuoh t*^e r^aister exitino through oin 
16 of IC-VV* From here/ it Qoes tnrouch tn^ control section 
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at and on to the receiver 



The cutout reaist^r fFiqurp 9) performs the reverse 
ooeration, hnwev^^r/ in or'jer to separate it into words that 
are short enough tor the AT AC# the data has to be 
multiolexea hefo'^e it can he connect^a to the PIO hus. The 
Tri-State rru 1 t i o 1 e x e r s # ICs -I through and -U through 

-X, ana the require^ buffers# ICs -FE throuoh -GG# were used 
to orevnnt interaction wifn the PTO bus whnn not in use* 
The ti-irg mr® is mnr^ critical than in t^e input reaister 
svsteTi. ^efore the .\TAC henins a r<^a^ cycle fron the cutout 
reoister, t'^e cloc< sional ►o the rnnister is stoopeo (OS^)* 
Thi<; rrpv^^nts t*^^ ATar fro^ r^=*aning "^on-<;tationary data. 
All t n (=^ Fri^Sta^e "^ul^iolnxc>rs ar» ^r^dressec ^ v connect inn 
/A-v cits ‘'1 and to oir, s ^ ^nd ^4 respectively. T^e coonands 
GO A -DDL) are AMuou tooeth«^r (''iA.\>r)oa an^i inverted) and tho 
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Figure 8 
Input Register 
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THE 



The ^Tr^C rrpora^ wes written in two raj or sections? a 
svsterr Tonitor and a control. The monitor is calleo the 
Main System, ana oro vines ^he narrator the ability to crogram 
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After 


1* h ^ 


interface was 



built apH teste'^ anr ♦•ne ^ereiver Control section modified 
to corrtf^ctlv coptnl tr^^ ^unino of t^e r^c^iver^ t*^e cnmnlete 
orocram ^<as saved or oaoer tao^ C). Operation 

the computer is oi$c'JS5^n in i^JDpen<ji^ o and a samrl^ run can 
oe found in ^ncend^y P, 

A. THE MAI\i ^YSTt^^' 

The M3 in S/stPT! sectic^*^ consists a small executive 
and a arotiP interconnecteo suoroutines (Ficure 10). ^ The 
executive c rnv ices a Ocssis for the subroutines when the 
rec'^iver control orocram is not o^inc executed. It is tnese 
subroutines t*^at control t^e inoyt ano outcut to the 
operator terminal. The incut routine is called hEY^R and 
the outout routine, r'UT^^jF. nUTPMT converts correctly- 



formatted computer 



woris into A'CTT ancj aisolays them on the 




r'=^jc=. « Subroutine Call 
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content*; of mernorv are reolaced 
witH the values tvped on the 
lines following the comnnand. 

Exit is accomplished by command 

on. 

^^turns execution to COPE if in 
CC, otherwise returns to cal lino 
nou t i n e . 
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KEY ''''IP do^s tHe reverse^ and stores the input in a 



Duf^e'" fo^ use hy tno caller. KFy^/p and Q’lT^UT were 
oroaramned t'^ accent and displav only unoercase lettersr 
numerals^ and a snail nunn^^r of needea symbols. Butf 
because of th*^ -method e^oloved t*o convert ASCII to machine 
codOf it was found that each lower case letter entered from 
the keyboard was automatically manned into its respective 
uno^r case twin. Tais relieves th^ operator of th*^ 
rosnonsioilitv of usina t^e shi^t <ey. A part of the kEYMR^ 
called CQPEr is a\/ailarle f^r use oy tn^ ocerator to display 
and / or chanae sections memory. The four available 
commands in this ''cutine and rnnir functions are displayed 
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result in 
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t n p AT 


C * s T, p m o r V . 


1 t h o u t 



OU'tpulr and COPEf or routines similiar to them/ it 
would nave been extremely difficult to oerform anv amount of 
touhleshootina or mcJification of the Receiver Control 
section. 

B. HFCEIVpP CO^*l^uL 

This section of the system is a branch of the executive. 
Its main npjectiv^ is to control noth outputs ana inputs of 
the intnr^ace fro^^ t-ne ooprator’s tprminal. To assist those 
ooeratcrs with little ‘Experience in this system/ tn^^ 
Receiver Control section i'^ ecuipoed with ijncom- plicated 



instructions and oroararr sateauards 



This produces almost 



foolproof ocaratior out^ it aoes so at the expense of 
proorann sinnolicitv. Pi'^cussicn this section is separated 

into two carts. ^’irst a broad descriotion of the comclete 
section is discussed^ followed by a cetailed look at th<^ two 
suorou tines which interaci^ witn the i^ter^ace. 

i^ihen the Receiver Co’^trol crooram is entered# it 
cerforfTS five i'^oorte^t actions. It initializes all 
necessary fiaos? enables the receiver ar«o oce'^s t^e nate/ 

sends and receives a co'T’rl«ate receiver worn; ano aisolays 
the instr'jction set to rp^rat'^r. Aft^r this# it calls 

on and v^aits ^or a co^mano. inptjt is 

oelivereo# tre crocra"^ cr^^c^s its l‘=‘oalitv. Tf it is not a 
vail a c^Ti^anc# is calico acain* 

^ vali:3 C'^orranQ is a nufr^^r^l bet/,®en zero and <=>iaht 
(Table iV). Th^se can be separated for discussion into 
t^ree aroucs. "^h^ risolay crouo fO-31 incuts ana exchanoes 
information with th^* orerafcr. J ^ e r^c^iver rjrcuD 
performs ocerations with the receiver. ]t^e final orouc of 
commanas (7-8) ar^ uS‘=‘Q to exit or reinitialize the prooram, 
Groi.JP one has one incut a»^a three display commands. Command 
zero instructs t op<^rator to incut the parameters desirea. 
It stores these parameters in memory in the display format# 
as opposed to coetrol worri fnpmat. Commands one# two# and 
three all display parameters. Pne oisrlays the last 

parameters set-uo bv command zero. T>,o displays the last 
parameters se'^t to the receiver. Thpee disolavs t b^ last 



word r ec ^ \ eci f rorr fhp receiver 



Commands seven and eiaht 



make uo qrouc t^ree. Seven exits t*^e orooram entirely and 
returns to th«=‘ executive after cisaolina the receiver* 
Light/ on th^^ other h^r^d^ returns the oroararm to its 
beginning as if it had just ceen entered. 

The remaining t'^ree com^anos are most important. 
Grouo two commanas control the actions of the interface. 
Ccmmana four conv^^rts the oaram^^ters set-uD bv command zero 
into contrn] word fo'^mat. 1^“ tnpn calls the I/O suo routine 
oescricec telow/ anc outovjts and inputs a receiver word. To 
merely receive a w^pd f^o^ t^e rpceiver/ com'^and six is 



used. The 
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when 



entering and exitino Receiver Control/ comclete control of 
the inter'^ace ano the mceiver is resident in apDroximat<=^lv 
forty comout»=»r instructions. Fhese forty are qrouD^a into 
the two stjbrou tines a- JR and v^kIS. i^vJS sends words to thp 
receiver ana '/'JR receives them, loaas the information 

and addresses to be s^nt to the rec‘=‘iver into the ccmouter 
registers. The adcj^'ess'^s are then ^-atched f o a word of data 
ano s^pr to the i^t^^rface innut register. The routine now 
waits for the arrrooriate siQmai generated by RLR. /<hen 



this is receive'^/ 



a trina<=*r cofnrrana is sent to load the word 



into the receiver. ^nis ooi'^t the routine cheoKS the 

value a counter. Tnis tost is to prev/ent the comouter 

enter inq an infinite InoD if either the interface or 
receiver is not turned on. If ^he test is unsatisfactory/ 
the routine prints: 

I.'FTMIE loop 

Cd»^C'< Ai^'D I-nFnPAfE 

and reve'^ts to crerato'' control. If tne test is 

satisfart^rv/ t^e suuroutino au^O"'aticallv rontinues to wJR. 

loans another set aor^'^ess^s into th<=» connuter 

r^oisters. ^erer a ^rr^pt %ait for th^= PLP sional is 

necessary c e f ^ ^nv action is ♦'a^en, Tno qate is closed 

irroediately uDcn r^cpiot of this si anal. The receiver word 
is tnen loaned into t^e ATuC hy outouttino the address on 
the ^AC> lines anq reariinc the data on t^e PTO lines. /^hen 
the corrolete word is receiv®i/ ♦■hn yc aat<=» is opened. At 
this point it is necessanv to test for connancj six. This 
test aeter'^ines w^^ether thn comouter is send i no and 
rec®ivina or only rpc^ivinq. if tne execution of both iAiJS 
and A'JP is ^eina oerfcr'^ed/ a coonarison between the word 
sent and thp v.^ord rnc^ived is necessary. This co'^parison is 
s'<iroed if tr, e co""Dutpr is only execution bJP (conmano six), 
[he first thme control words sent by '/.'JS and received by 
are used for tnis cnmarison/ when it io performed. If 



/j 



any worcs the co^Dut^r returns to WJS to reoeat the 



cycle u'^til one of t’-^o conoitions ar° net* either the woros 
match or the if'US cou n^-er test discussed earlier fails. If 
the woros natchf continues on to convert the received 
control worc:!s intn the display format and tnen returns to 
the caller. 



no 



Pt^O^^^TNOATI^NS 



vT- 



1be Pi It stands now is Out a beqinninq. 
Additions and rpodificatinns for future work should include? 
A/D converters for the receiver outouts? -or se and/or 
teletyoe decoders? and evoansion of the computer orooram. 
Inclenentatior of either of the first two implies the third. 
There ar» somo ocera^'o^ assistance oroqram Todi^ications 
that need to he mad^. Tho two t*hat come imr'ediately to mind 
are fi) a ^^etnod to aoort the scan routine fro"' tne 
operator’s consn)^/ (.?) the anili^-y to cnarce individual 
oar a meters in addition t^e s^t-ur conroand alreaav located 
in tr. e oroura'^. -doi^i^n of tne 4 /n converters i^olies a 
orocrarr increase to decode and process this new data. 
Switchino routines and nrobablv some harcware will be needed 
tor the decoders. The caoabilities of the svstem ar<=» 
limited onlv by the abilities of 



the operator 



and 



orooram mar . 
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Q 


PP- 1 0 


GO- 1 0 


P O - 1 0 


S o - 1 0 


1 T - 1 u 


IIU-1 0 


1 0 


vcc 


^0-9 


PD-Q 


QQ-9 


RP-Q 


3S-9 


1 1 


/ X - ? 


X > - u 


<X-P 


Y X -4 


XX -2 


XX -4 


12 




vx-o 


X 

1 

ru 


X X-O 


X X - 1 2 


XX-o 


1 3 


^ 


xx-e 


■ , 


XX -6 


/g 1,-g - p 


XX-3 


1 a 


v\ I' — b 


Y Y - 1 ? 


l‘i '•'] - b 


VY-IP 


V)h'-6 


YY- 1 2 




PDP-Pl 


d'^2-21 


p n p - p 1 


CD2-21 


«DP-21 


fcD2-21 


1 o 




V ^ C 


' V c r 


jr.L 


vcr 


\/a: 





GU 


V V 




XX 


Y r 


D i n 


74 1 C.5 


7 4 16 5 


74304 


7 4 3 0 4 


74s04 


1 


302-0 


3 ^ 2 - D 


5^2-17 


b 02- 1 0 


B02-4 


2 


Gpn 


GPr 


no -3 * 


00-11 * 


PP-5 * 


3 


1. 2 


Y Y -6 


bP2- 15 


6C2-9 


302-3 


4 


Vt W - 1 2 


Y Y - 4 


CC-9 * 


P P - ! 1 » 


PP-4 ^ 


5 


l*jlv-4 


YY -2 


B02-1 3 


b 02 -« 


0 O 2-2 


6 


i,’; !*; - 1 0 


Y Y - 1 0 


00-14 ♦ 


PP-12 ♦ 


pp-3 ♦ 


7 


nc 


nc 


GRi'' 


GRO 


GRO 


p 


GRP 


npr 


CO-13 * 


pp -13 * 


nc 


0 


VV-1 0 


d'^P-K 


b 02 -l? 


302-7 


PC 


1 0 


TT-Q 


UU-G 


00-6 * 


nc 


pP -6 * 


1 1 


XX-2 


xx - 4 


BD3- 1 4 


PC 


d02-5 


1 2 


xX-t 2 


XX -6 


00-4 * 


00-12 * 


PP-14 * 


13 


/i v'i - P 


X Y-O 


302-1 6 


802-1 ! 


BD2-6 


1 4 


ini 1 *' — 6 


YY-1 2 


VCC 


VCC 


VCC 


15 


P02-P1 


POP-2 1 


XYgiXXYXVX 


XYXYXYxYX 


XXxXXYXYX 


1 6 


VCC 


vcc 


XYXYxYXYX 


X YXXXXXXX 


XXXYXXXXX 



^ n 1 y f i r t 



connection s^own 






k 



bus connec t i 



C, Board Three 

Integrated circuit locations (fro^ Top of Doard) 






JJ 


A 


LL 




NiV 


C i n 


70 


7 'i 7 t 


RP3 0 


70 1 2o 




1 


PD3-1 


VCC 


LI -2/JJ-7 


8^3-1 


BP5-5 


2 


ft K - 1 b 


B03- 1 1 


L 1 - 1 / L L - 3 


603-17 


nc 




oD3~ft 


cD3-lP/?u 


LI -P/LL-0 


ri03- 1 ft 


B03-a 


a 


LL- 1 0 


r c 


LL-3 


JJ-1 2 


nc 


5 


6D3-ti 


VCC 


50 3-7 


GkD 


nc 


6 


5D3-9 


PC 


R n 3 - 1 n 


6n3- 1 ft 


MM-Q 


7 


LL-1 




COD 


Gpn 


GRO 


P 


GRH 


nc 


R D 3 - 1 o 


B03-2 


PC 


Q 


b03-13 




603- 1 « 


,'iM-P 


PC 


10 


5D3- 1 0 


nc 


LL 1 1 /JJ-0 


P03- 1 


PC 


1 t 


nc ^ 


PC 


LL12/LL1C 


B03-3 


PC 


12 


v!v 1 3/k'M_a 


PC 


L L 1 7 / 1 L 11 


Ni M - O 


PC 


1 3 


GkD 


cpp 


LL-1 2 


JJ-1 2 


nc 


1 a 


h K-1 5 


PC 


VCC 


VCC 


VCC 


15 


npo 


JJ-?/ JJ1 a 


xxxxxvxxx 


XXXXXXXXX 


XVXXx/XXX 


1ft 


vcc 


PC 


1 XYXXXXXXX 


XXXXXXXXX 


XXXXXXXXX 






D • Ccnnec ^ors 



rircuit- ^o^rd Fnne-connect'nrs 





801 


802 


PD^ 


! 


EE-2/80P-1 0/CV 1 -a 


GRD 


SWl/JJ-l/^M-lO 


? 


EE-a/RC2-i l/C^)l-3 


YY-F/POl -1 3 


MM-a/rdP-21 


3 


EF-6/802-1 2/C'^'l -a 


YY-3/RD1 - 1 a 


1/CM3-1 


a 


EE-P/8D2-1 3/CMl -S 


YY-l/POl-15 


N^'-?/C^iP-2 


5 


EE10/Pf32-1 7/C‘il-o 


YY-1 1 /8D1 -1 o 


iMO- ! /CN2-3 


h 


EE 1 2/802-1 d/C''! 1-7 


YY- 1 ^/PQI -1 2 


JJ-3/BD1 -Y 


7 


FF-2/PU2-1 8/C'M -8 


yy- 0 /ppi _i 1 


LL-"^/CN?-10 


•p 


FF-/i/°D2-1 a/C'\'l-Q 


XY-F/PD1-10 


JJ-S/CN3-2 


q 


F F - 6 / n 0 ? - o / C .' j 1 - 1 0 


YY-3/8D1-P 


J J-6/PDP-K 


1 0 


FF-P /P02-P/Ciy 1-11 


Y y - ! / p 0 1 - 1 


LL-6/Ci\2- 1 1 


1 1 


FF 1 n/^•i02-7/^^. 1-12 


yx- 1 3/80 1 -2 


^K-?/C^j3-3 


12 


FF1?/80P--/C'ji-13 


7,"a-Q/PD1 -3 


KK•3/C^:3-^ 


1 3 


GG-2/°L)2-2/CF, 1 -25 


/G' -s/PO 1 - a 


JO-Q/PDl -F 


1 'J 


GG-0/-'>C?-'^/rri 1 -2a 


- 1 1 / POl - R 


JJ-I0/BD1 


IS 


GG-c/^uP-a/ro 1 -2i 


- 7 / p 0 1 - 7 


JJ-1 1 /Cri5-S 


1 q 


GC-p/FC?-‘^/''i'.’ 1 -22 


»■» - 1 3 / 8 0 1 - 6 


nc 


1 7 


CC- 1 /C^- 1 - 1 1 


r,i' - 1 / P D 1 - 5 


re 


1 


8r-13/rM-'7 


n C 


LI -^/CN?-1 2 




■= 3 - 1 1 / c : J 1 - 1 8 


n Q 


LL-^/rL?-l 1 


20 


^5 D - c / r .'m 1 - 1 b 




KK-’^/PEFET 


2 1 


8°-^/C.'Jl -R(J 


00-1 5/&03-^ 


nc 


22 




c-wr^ 


VCC 


A 


GPD 


on-1 /noi -y 


GKO 


8 


nc 


CG-1 /^D1 -W 


nc 


C 


II-10/G'\3-b 


SS- 1 /PD 1 -V 


nc 


D 


nc 


LiU- 1 / PD 1 -M 


nc 


E 


7-2/"D5- 1 3 


nc 


nc 


F 


C-S/CG2-0 


nc 


nc 


H 


C-8/CN2-P 


nc 


nc 


J 


8-3/Cr.P-7 


nc 


nc 


K 


R - 1 / C i'' 2 - n 


nc 


nc 


L 


A-3/rri2-‘^ 


nc 


nc 


V 


A - 1 /c;'j?-a 


PC 


nc 




nc 


nc 


nc 


P 


00-1 /8C3- 1 a 


nc 


nc 


R 


nc 


nc 


nc 


S 


nc 


nc 


nc 


T 


CC-S/CMl -1 u 


nc 


nc 


IJ 


00-5/2G2-0 


nc 


nc 


V 


0D-0/6G2-C 


n c 


nc 


Vi 


1^0-3/802-8 


n c 


nc 


y 


DD-2/bOP-A 


nc 


nc 


Y 


F-1 5/b03-b 


nc 


nc 


7 


vCC 


nc 


nc 



5 ^ 



Cabinet Co^npc^ors 



p i n 


C 






CA'2 




CN'3 


1 


G 


-0 




GPO 




RD3-3 "CCK" 


? 


dD 1 - 1 


“Pin 


0“ 


R 0 3 - 0 


”cr 




no^-p "DATA K" 


3 


BO 1 -2 


“PIP 


1 “ 


60 3-9 


”CC 


f “ 


BD7-1 1 "KAG" 


a 


BOl -3 


c 

a 


p •• 


DQ 1 


II Mn 




PD3-12 "KAF" 


5 


BDl-il 


“PiO 


3” 


901 -L 


“ Mf 


+ " 


R D 3 - 1 5 “ T R K " 


6 


BO 1 -5 


"Pin 


a " 


no 1 -K 


“DO 




DDt-3 npLDH 


7 


BO 1 -o 


•• p 1 n 


^ “ 


«0 1 - J 


"on 


4 " 


nc 


p 


bOl-7 


“PIP 


A " 


D Q 1 - u 


"IP 




nc 


Q 


50 1 -H 


"Din 


7“ 


80 1 -1^ 


“TR 


+ “ 


nc 


10 


dC 1 -9 


" D I n 


P. " 


RQ3-7 


“ DT 




nc 


1 1 


RD1 -1 0 


"Din 


Q " 


903- 1 0 


“ OT 




nc 


12 


t^Ol -1 1, 




1 0“ 


fa03-l<2 


"AO 




nc 


1 3 


BO 1 - 1 2 


“PIG 


1 1 ’• 


603-1 “ 


“AH 


4. " 


nc 


1 ^ 


Bf' 1 - T 


'• ioo " 


n c 






GRD 


IS 


nc 












n c 


1 ^ 


1 

X 


" V u P 


a " 








nc 


1 7 


P0'1 - 1 d 


" V iP 


a II 








nc 


1 P 


BO 1 -?u 


"YAP 


o •• 








PC 


IQ 


R D 1 - 1 9 


"YAP 


Q •• 


nc 






nc 


20 


bO 1 -2 ’ 


'• X A P 


13“ 


nc 






n c 


21 


rr 






PC 






nc 


22 


BDl-lfe 


’• P T 0 - 


IE” 


nc 






nc 


23 


501-19 


"PIG- 


1 a “ 


•^C 






nc 


2u 


dOl-1^ 


"PTU- 


1 


nc 






nc 


25 


60 1 -1 9 


" P T 0 - 


IP” 


nc 






nc 



E, Discret^^ Co^oonpnts 



Caoac i ^ ors 



.01 


uF 


hH- 1 /Hh- 1 4 


. 2 


uF 


1 3 


.20 


uF 


nM-3/HM- 1 2 


.01 


uF 


HK-4 /HH- 1 1 


.0 1 


uF 




.47 


uF 


hH-7/'-'H-B 



R ^ s i s t o r s 



T r i mm e r 





1 


2 


3 


A 


Y-1 


: Y-13 


z-7 : 


B 


VCC 


: VCC 


VCC 


C 


VCC 


: VCC 


VCC ! 



^9 



APPt^'OIx b 

AT AC nPFRATTNr. TfiS [PUr T luMS 



P o p r U D 

Furr on front oanel ocwer then turn on newer supplies. 

Power Down 
»Hal t * 

as ter Clear’ 

Po/^er o^f to succli^Sf oowef" of^ to control 
o a n e 1 • 



Pun Proorarr. 

’■'aster Clear' 
uial ’P*K’ 

* A U ^ E G ' 

* ^ N T E ^ * ( a s c c i a r e i t ^ '* i j y PEC) 

* V^VUPY ' 

Set start ar^3re*=s +1 '*n wc^y^oarn i'Hpxacecinall 

’PC- * 

’ E i'i T E ° ' ( a 3 s o r i a t o w i t p C P ) 

‘ PUF' ’ 



St on a Pmora'" 

’HALT’ 

Reao ^er.ory (from front can ell 
’ h A L T * 

Set desireo adoress in Lev boar^ 

Select ’MAP* 

’ F N T E P ’ (associated w i t ^ M A p j 
’ I fsiC * ( 1 nc r enen t ) 

* DEC ’ ( dec rennen t ) 

Ado ness is oisolaved at'^nv^ ^*Ap Lev^ oate is disolayed in 
red LFDs aonvp ^EMQPY Ley. 

Use I^C or DEC as necessary to arrive at nenory location 
d e s 1 red. 

//rite into "^enory (from front oanel) 

’ HA| T » 

Set address aesired as described in Peed Merpory. 

Set desiroQ data into keyboard 
TE^’ (associated AitP *^^Ef-0PY) 
v'alije in Levorard will be entnrec into either Mp^orv 
(ME^^O^Yl or A CO neuter Peoist^r (FILE). 



bO 



Bootstrap Load (oappr taop) 

• halt ' 

’AUX REG* 

Dial *I^^R* 

*E»NTEP* (asscciatPO -with Aljx PEG) 

• V 0 P Y * 

Set 0^01 in k^yhoarO 

COOOl = LcaOf 0002 = Verify only) 

• PuN * 

At ercj of **3 00 crraran^ status lights fred LEDs 

below PCk arg pushouttons) 



0 0 0 n 
E 

pc^FT 



Lcec arcH 

Parity error 
V/ ^ r i f y e ^ r c r 



AP^EMDIX C 



A FAC opqgrav assembly 



Assemblv of a Droorem is divided into fivn parts? 
writinQf oroducino ab^c^ute deck on 360^ conversion of 

absolute ':ec< I'^to AJAC for^at*f nunchinq oacer t aoe f and 
1 o a d i n c; A r A C . 

A. /’iritino the* orocra'^. 

Precran^s for fne ATAC must r rotten in tBe assernblv 
lannuao® describe^ in A TAG manuals Vo^u'^e^ Onp, and bight. 
The finished rrna'-a^ '^•ust nlaceo on cards for fhp TR'-^ 36^ 

in the folln'/vino ^orrr. at! 



LA^EL CPP'RATTCn VAPlABLb COyvemt 



p L A ^ ^ s 



3. Producinc an absolute deck 

The first steo is to load the assembler on to the 13 
3b0 from rraqne^ic tare. This is do^^e bv execution oroaram A 
in Aonendix E. This fpgnsf^rs the oroQra^ ^rom teoe ^o disk 
and saves it ^or one year, 0^c'=* the assembler is stored the 






following carris niaoer' in tHe front of a prooram written 
following th® instructions in I a Dove will produce an 
absolute deck ang a orint-out of the crogram. 



//AT ACASS^'* 


JOP 


f 0 72P, 0109, OnSP) , 'CCH ATAC ASSEM , ' , T IME = 1 


//ASSti'k 


F <FC PGP = APSS ,OFG IOM = 2?0k 


//STEPLIo 

// 


DD 


USd =50 7 PO. ATAC .ONFJJkT 1=3330, 
V0L=SEP=0I5h02, DTSP=SHP 


//FT06F001 


no 


SYSnUT=A 


//FT07FOO 1 


DD 


SY5CUT=R 


//F TO'^FOO 1 


OD 


OCi'g A.vprO'f C I 


//FTU«F00 1 


r> ^ 

1 ■ u 


UNIT=OY5DA,OPACh=fCYL,l) 


//FT09FO0 1 
// 


ro 


U''IT=SY50A,SPACF = fCYL, (7,2) ) , 

0CP = rPECP'-' = voS , ELKS I 7E= M 60, lpFCL=02) 


//FT10F001 

// 


n 0 


O' ' I T = 0 Y 5 0 A , ? A c P = r C Y L , ( 7 , P ) ) , 

D C == = (■ P p C ' '^’ = V P S , i K S I 7 r = 1 2 0 0 , L K F C L = 'J 2 ) 


//FT20F001 

// 


no 


U M T = P Y P D A , P A C P = ( C Y L , ( 7 , 2 ) ) , 

DCP = (hPCPYt=^PS,PLhS17E = 20 0o,LPFC(. =500) 


//3Y6PPT\T 


no 


SYSnuT=A 


//S'^ST^J 

5JQ5 

3ASSEV. 


CO 


* 


IDT 


A 1 AC 


(place written 


orogram here.) 



FMP 

5 BASE 

SLGAD P 

iFfslD 



The absolute deck is in the fon-: 



050016 Pc 00 0 Padbc 310 ‘^bc 9 c 310 ^cPoc 710 °c 0 Pc 7 10 ®a’^Dh 030 PhbdP 3 ?/ 

/el 0 1 OOnuPc 0 15a 

05ini60Pfa9c010<3fheo00 0Paeel0i0a02ed0 00P30e10l0<3f7ed0O07ae/ 

/c 1 070509P0 1 256 



whicn oust be translaten* for to® AJAC. The oenorv location 
of the first wore is located in tho first four columns. 



63 



Columns five and s ^ y contain nunoer of word 



fields on 



tde card. T^e assembled orooram is located in columns 
7 - 70. Tne re'^ainino two columns are oarity. 

C . Con ve r s i on 

Ihe ebsclut® dec< f^nceived from t*^e 3d0 is loaded 

into tt^e POd-11. ifter t-re da^'a from ^he cards is cHeckedf 
the conversion orooram fconverf *^i]enan»e’ ’filename*) can 
De -^^xecutna. (^rocram C in Apcendiy F) 



D. °upc^inq U.3Q0P fao^ 

THis coo® mus^" t^en transf^r^eo to tHe PCP-ll (A) 

where a oacer tao<^ can be ounchpd. Here^ the command to 
ouncn a tao<= is: 

cat ’filenam. e* >/dev/otn 

E. Loadino tne AJlC 

In order to load a taoe fhp FSP32 connector must be 
connected to Paonp lane reader and the reader set to 

l?00 hauc. Tre taon is loaded by followina the instructions 



in Appendix R 



APPENDIX D 



sample ATAC OlJTPilT 



Goerator innufs are underlined. 



Operator displav 




EXEC 


**^xecutiv^ ^c^os 


+JOKCK JFJ i i nmun 


♦entries ot^er than 


J0(\nK JF JJ 


'♦c O'^T'ands 


exec 




+ C0 


♦ Fntrv in^o 


COPP 




+ C H >) P 0 0 n P 0 0 


♦Location OFOO 


0 F 0 '0 0 d 0 P 


♦cnanoed to 0^00 


CORE 




fCI OFOO 





OF 0 0 0°0 0 



CORE 


+CS OFOO 


♦ L. ocat ions 


OFOO +0 UF05 


+ 0 dSo 


♦c h anoeH 




+ 01?i 


f /j 5 6 7 




' 


+ 00 

OFOO 0256 
0F01 0123 

0F02 a567 


♦conoletion 


of c h anae 


CORE 


+ 00 


*Fxit fron 


COPE 


+ ’^ J 


*^ntrv into 


Rec e i \/e r 


0 = 3FT-U<= 

1=013^151 IPpTATIVt 

2=otsplay control 
5=DISPLAY received 
tl = ENIFR IF.mTATIvF 
5=SC AM 


*Con t ^ 0 1 





o=RECEIVE control 
7=OnNF 

8=RE initialize 

RECEIVER CONIi^OL 
+ 0. 

EREO(HZ) 

1 a q 0 0 0 0 

DETECT ^^OPE 
0 = A M 

l=?'l 

2 = 8F0 FKEQ 
3=rfpn variable 
q = ISrt 

5 = UBK 
b = LSfa 
7 = J^^-ML 

t 0 

GAIN MODE 
OrHOLO AGC 
p = NOR'-'AI. AGC 

3 = V, A NU A L AGC 

+ n 

IF BANDWIDTH 
1=500 h 7 
2=2 KHZ 
3=q KHZ 

q=8 KHZ 

+ £ 

RF GAIN 
(PERCENTAG£1 

RECEIVER rONfROL 

+_1 

FREQ = 12q0000 HZ 
GAIN ^/OOE = hold 
IF RANDWlOTi-* - a 
DETECT ?-’ODE = A-^' 
BFO FREQ = qSBOOO 
RF GAIN = 

RECEIVER CQMIROL 
+ 2 



AGC 

Kh7 

h7 



FREQ = 550000 H7 
GAIN '“'DDE = N0R‘'-'AL AQC 
IF BANDWiniH = B !<ri7 
DETECT mode = A’-*' 

8F0 FREQUENCY = 055000 
kF gain = 

RECEIVER ruMTOOL 
+ .T 

FREQ = 550000 ri7 

GAM ,^100'^ = AGC 

IF bAMONIRTm = n KH7 

DETFCT “'"OnE = a'A 

dEO FPEGUFMCT = O55O00 HZ 

RF GAIN = 8'^% 

SIGNAL strength = 

PECFIVEf’ CONTROL 
+ 0 



RECEIVE^ '■ONTdqi 
sTan 

START FPtQ IN ri7 

+ 1000000 

END FREQ TM H7 

+1008000 

FREQ INCRE'iEi'iT TN riZ 
+1000 

SIGNAL STRENGTH % 



+_67 

FREQ = lOOlOOO 

GAIN MODE = H'^LO AGC 

IF PAMDk'aDTH = « Kh7 

DETECT mode = am 

6F0 frequency = 055000 H2 

HE GAIN = 8F/i 

SIGNAL strength = 7?% 

RECEIVER CONTRQI 

+ 7 +Exii: frof^ 

E^EC ^Receiver 



6 7 



Cent ro 1 



apPEMDT< E 

CO^VFPSIPN POQGPflM.S FOP THE ASSE^^8LEP 



A. This nroaram is run on tho I 8^“360 to transfer the 
assembler fron taoe ATT-OOh to Oisi< and stores it there 
one V e a r . 



// [GPtFN 


JOo 


CARO] 


/ /SYSpp I r; 


T no 


SYSPlJTrA 


//SYSIJT 1 


no 


UMIT = SYFD^,3PACF = (TP^, ('JUT, ,COhTICO 


//DA 1 


no 


U'l I T = P3 1 a , DSf| = 3n7PP . A TAC .ONE , 


// 




3?ACP=(TPn, (30,10, 101, ,Cn,\iTIG) , 


/ / 




0 F 3P= ( ^.!E^ , YEPp T , VCL = 3E° = 3pnoi. 3 


// r 1 TAPE 


no IJA'l Tr f 2'JOO , ,OFFFPi , 0 I SP= ( NtW , PAS3 ) , 


// 




1 Abfl=( 5,31 , , IP) , 


// 




0CB=r0F\i = 2,rilKSI7E = BOu,LPECL = d0,PECFV = Ft3 


// 




VUL=3tPr-ATT00D 


//3YSIN 


no 


k 




COPY 


PDS= at I . APS3 .LOAOL IP, T0 = 2 31 J = SP00L3, 



Fpnyro = nTAPF,FRn:>1 = aa0n=(ATI0O6,3), 
PE'JAyt = Sn7?9.ATAC .OhE 



) 



/ * 



//t3IJlLn FaFC PGM=iE,-,L ,cEGi0r>,= iso!<, 

// PAPH='nvL7,XPEF,LET,LIST,SIZF=(d?5bK,20adO)’ 

//SYSPRIi'iT DD SYSrUT = A 

//LIBPAP/ OP 0SM = S0 72O.ATAC.0''lE,UAJIT = P3i9,vnL = SEP = SP00L3 
// 0ISP-S>-'P 

//SYoLIB no DSNAv.FrFrSl .FnFTLTR,DT3P = ShP 
//SYSL'^nO DO nSf'AVErSnZPP.ATAC.nrjF, 

/ / ii.'jT T = 3‘^3f , VGL = 5EP = n I Sh 02 , 

// niFp=(.\iErj,KEFP-),LABeL = PETP0 = 3o0, 

// SPACErfCYL, 1 ,?) ,PLSE) 

//3YSUT! no UH I T = 3 tSOA , 3PACE= ( TFK , ( 1 9, lO) , , COHTTG) , 

// SEP=3YSL^0n 

//3YSL IM DO * 

ThCUJDE LIBpaPY ( dvhol ) 



Change •■is r-' (I hpsapp ) 

IMCLUOF L if’PApy ( iPSSf'QN) 

FICLUDE I, IPnArvY ( ''3T V/i , ASF.V5 , 3 T' 1 HA , SI’-^TP 1 , 3I^^ 10 1 , GDL) 
li.CLUOE L I ^P AP Y ( YPL -’PN 'I 



overlay a I 



TNSEP T if’UL , *,'iS I^ljl A,IMF^'TPY,IHESAo 
TNStPT YTNT , TN,0UT 
ThSEPT I'-'EnfiV', TnF )< TO 



h B 



AT AC 
for 



I'jSERT IwEPS''', ThFCS-l 

IMScR r 1 ‘JERSK, IHFIOX, IMEIOP, THFOTO, [mEOOP 

INSEP1 IPtOiP, T 11 FDCA, IHETOB 

INSERT IHEIOA , T-tPOCL 

INSERT IHEPSn, ThFb'=F 

INSERT IMEJXS 

Insert iwEnsn,iHEO'=T, irerst 
INSERT TheVPF, IHRO-'M, IHEVFR 

INSERT IHEDfjr, IriFvFD, IHEVFA, IhFVRD, I^EVPP, IHFVSC 
INSERT IHEVSn, IHFvFE, IHEDCN, IHFIJPB 
insert IME^FC, iHRvPf , IHFVPG, THFVDb, IHEVQC 
Insert iheabm, THF iro, ipetor, ihfrpt , ihevqa, thfsprt 
insert IHEPEG, TuFFpR, IPESI7 

INSERT MTSFT 
Overlay ai 

T -JSEP T A<;SFV, PF/.'TNr , PEN7? , nsxou I , C ARO IN , R I5K IN , ERRPT , PPI ADO 
insert 'aroat a ,RRTcn-/i,pDr.'np, 'Kttex,reftit,ppff,erttt 
overlay ai 
insert P Apvpn , 

OVER I., a Y A I 

I NSEPT S^'LTR , , 31° T yo.^Qp 

INSERT RPCPD , -^PN=^nT , iPTriFP , TP AFc , HOP A V , HOP ami , HG° A'-'S 
T NSER T I R 1 N I T , A C T I VE , 5 T -IT I w 

INSERT D'^vOTA, ACT,TI''E, INT ,PAND,DEADT,nE"UG 

OVERLAY A ^ 

T.-jSERT LEvFL,D-''AT 0 I ,0-iA ina ,D‘/>a [un,R injn 

INSERT RR'^ACT , OMA , C - A T’'-’, p in , R 10T‘'’, R [n I MT , I MOLy , OMA IMT 

Insert otran,phtact , random 
overlay ai 

I'JSERT HGPPNT 
Overlay ai 
INSERT LOAOEd 
overlay A! 

INSLRT LINK,''nT£y f ,31 ln 

Overlay ai 

liNSEPT PLATAC , TORACK 
Overlay sorjfct (Rqgion) 

Insert ORJECT,T.Mir,Lie,RrAi rh,rchey,rctnt 

INSERT MOATE 
OVERLAY «Di'MP (REGION) 

INSERT S"CUMP,RAG£ 
entry MAI N 
name APS3 
/ * 

// RXEC PGM= lEdOO^Y 

//SY5PRINT OD SYSCUTrA 

//SYSUn OD pTSP = SnP,NN^=^■^lN,VOL = SE° = SFOOLi, 

// nS^' = 307^a,ATAC.O^!E 

//SYSUT2 DO DIS^R CNF 'j, PASS ) , U''?! T = 3i3U , VOL = SEP = 0 T SK 0 2 , 

// D3N = S0 72R . ATAC . T/,n , 



// 

// 

// 



S^ACE=(130i0.rol,0,ia),PLSE). 



0C^^=fR?^CFV' = U.BLKS17E = 130^01, 



//3YSUT3 
/ /SYSUTa 
//SY3IN 



, LAcjFL = RF 1 P|)=360 

PO UNIT = FYSl)A,SPACF=(TP^. (20^5) ) 
DO UN [ T = S Y SD A, SP A CF=(TPK. (2 0.5) ) 
00 * 

COPY 0UTPD = SY3UTP. INDD = SYSin 1 



0. This oro^r^m converts IP *-560 absolute deo^ into 

correct format fo^ T A C . 

nnain (aroc. *^arcv^ 
i n t a r ac ? 
char *arov 11; 

Ireaiste'' crct*". inoex; 

^ r t s ^ c r r ; 

t-^cry [Til; 

Struct htjffr 

^ i n t f 1 s ; 
i n t n 1 e ^ t ; 
c^ar ^’nexto; 

C-^ar *Duf^S (Pl?l; 

} buYin. bufot. ^ontrl. ^ontr2; 
stchr = OPO; 
it ( a roc ! = 3 ) 

(o*^intY ^"Callina arounents are incorract??”); 

exit ( 0 ) ; 

} 

Dufin.flJes = cren (arav fll. 0); 
if fb'jfin«flrjc»s < 0) 

(orintt ('* Carnot oner arcv [1J). 

exit [ v) ) ; 

} 

ontrl = ^bu f 1 r , f ) be s ; 

bufot. floes = Great (arov (2). 0777); 

if Ccufot.fld^s < U) 

{orintf f "Cannot ooer arov [P]); 

exit ( U ) ; 

> 

ontr2 = ^ib u f o t , f ] be s ; 

Dutc (stc*^r. nntpP); 

while (crctr >= 0 5.^. index <= 7?) 

tnory [inbex+t] = (crctr = oetc (ontrl)); 
i noe X =- i ; 
i n o e X = 0 ; 

^hile (index < ^ jnrjex < inbox) 



7 0 



Dutc ( ontr-^)? 

jnoex = jnO^^^x i d f 

while ( c r c t r > - i) ) 

{while (index < index) 

(if fr^ory [jndex] == 's*) 

j n r j p X + + r 

else 

nutc (t'^pry (indexf + ]^ ontr?)? 

i n rj e X = 0 * 

wrile (crrt«" >= 0 ^ index <= 7?) 

trory lindevt + ) = (crctr = oetc (cntrl))/' 

index - “ } 

j n ae X - o “ 

I 

DUtC ('s^’Chr, nnt;r?J“ 
f^lush (ontr/^); 
close (du^in.flco^)^ 
close (nufor.'^l^es)* 



C* T^e fn]lo\/.M’^a croor‘^-n ^^xenu^es t^e nroaran above 
convef'ts tn^ nytcut into t-ho correct cede* 
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APPtMOIX F 



The follow 
ana Kece i ve r 
1 anquage is to 
first three co 



ATAC PKObRAM 

nq proarams are listinas of tne Mai 
Control proarams for the ATAC. The 
the right of the absolute listing 
u m n s . 
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LOG OBJECT CODE CARD IMAGE CARDNUM 



<N rn 3- iD r* cc o rs» cf 'sO ou o ^ ^ ® ^ o ^ rn cT un CO o^ o rs> cT GO o <N ro 3* 
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